This study was planned to examine the effects of exogenous silicon supply on growth parameters and arsenic accumulation level in rice. The experiment was conducted in the wire house of Saline Agriculture Research Centre, Institute of Soil and Environmental Science, University of Agriculture Faisalabad. The study was comprised of treatments viz: control; (100 µM Arsenic); (200 µM Arsenic); (5 mM Silicon); (5 mM Silicon + 100 µM Arsenic) and (5 mM Silicon + 200 µM Arsenic). Results revealed that maximum shoot fresh weight, shoot dry weight, root fresh weight and root dry weight were observed in (5 mM Si) solution. In the same way, maximum number of tillers was also recorded in (5 mM Si) solution; while silicon application failed to alleviate arsenic concentration of rice genotype.
Introduction
From recent past, heavy metal contamination is considered as a serious soil problem that negatively affects plant growth and productivity worldwide. Arsenic is one of the highly toxic heavy metals and [1] [2] it is considered as the most significant pollutant due to its large solubility in water [3] , however, it does not dissolve in bases [4] . Arsenic is a widespread environmental contaminant that is becoming the cause of serious health problems in humans and animals. Soils and water bodies which are contaminated with Arsenic are major source of arsenic
Material and Methods

Experimental Location
The experiment was conducted in the wire house of Saline Agriculture Research Centre, Institute of Soil and Environmental Science, University of Agriculture Faisalabad. The wire house has a glass covered roof, sides with iron wire screen and no control of humidity, temperature and light.
Experimental Design
Completely Randomized Design (CRD) factorial was used during course of study.
Seed Source
The seed of rice genotype KS-133 was taken from Saline Agriculture Research Centre, Institute of Soil and Environmental Sciences University of Agriculture Faisalabad.
Arsenic and Silicon Source
Arsenic toxicity was artificially produced by using sodium arsenate and sodium arsenite, while silicon source was silicic acid.
Nursery Raising and Transplantation
Seed of rice variety was germinated in sand filled iron tray. Optimum moisture was maintained. After germination the uniform size seedlings were transplanted in foam-plugged holes of polystyrene sheets floating over ½ strength Hoagland's nutrient solution [15] . Hundred liter tubs were used in the experiment.
Growth Conditions and Salt Imposition
The pH of the solution was monitored by using pH meter and adjusted at 6 ± 0.5, with the required addition of acid (HCl) or base (NaOH). Aeration was provided for eight hours daily by using aeration pump. Solutions were changed weekly. Each cultivar was replicated four times.
Treatment Detail
There were eight treatments including control having only ½ strength Hoagland solution. 
Harvesting and Data Collection
Plants were harvested after six weeks of transplanting. Plants were washed with distilled water and dried with blotting paper. Data were recorded for growth and ionic parameters. Plant leaves were analyzed for arsenic concentration.
Growth Parameters
Length and weight was measured using scale and electric balance respectively.
Following growth parameters were recorded: 1-Root fresh weight; 2-Shoot fresh weight; 3-Shoot dry weight; 4-Root dry weight; 5-Number of tillers.
Ionic Analysis Arsenic Concentrations in Plant Material
Arsenic concentration in plant samples was determined after wet-oxidation using spectrophotometer following the method of [16] . According to the normalized protocol, 1ml ascorbic acid solution and 2 ml reagent A are successively added to a 40 ml sample aliquot in a 50 ml volumetric flask, and the volume completed by de-ionized water. A blank is prepared according to the same procedure using the appropriate volume of de-ionized water. The analysis is carried out in 1 cm quartz cells with an Agilent 8453 UV visible spectrometer. Complex formation was carried out at constant controlled temperature (20˚C ± 1˚C). The optimal complex formation time was determined for an As (V) concentration of 2 × 10 −5 M. At regular time intervals, solutions were analyzed for complex formation through absorbance. The most sensitive detection wavelength was determined at the same time. The action of various parameters upon complex formation was tested. The complex was allowed to form in daylight or in darkness and at various temperatures between 5˚C and 50˚C. Silicate and sulphate influence upon complex formation were tested with concentrations of 10 and 35 mg•L −1 for silicate and sulphate, respectively. The detection limit of this method under the best conditions was then studied with a 10 cm glass cell. As (V) concentration was progressively decreased and repeatability was checked until an unstable or undetectable signal was obtained.
Statistical Analysis
All the presented data in the study are the mean of six replicates and standard errors. Analysis of variance was performed in CRD using factorial design [17] with a statistical package Statistic version 8.1. Significant differences among treatments were considered at the P ≤ 0.05 levels. Comparison among the treatment will be will be analyzed using LSD test.
Results and Discussions
Effect of Si and As application on Shoot Fresh Weight (g)
The data regarding the effect of Si and As application on shoot fresh weight of plants was analyzed statistically at P ≤ 0.05. The statistical interpretation showed significant effect of treatments on shoot fresh weight of rice genotype. Data regarding the effect of Si and As on shoot fresh weight of plants is mentioned below in the At harvest time, maximum shoot fresh weight was recorded in treatment T4 followed by T1, T2, T5, T6 and T3. Treatment T4 (5 mM Si) showed Maximum shoot fresh weight because in that treatment silicon application was done and no arsenic toxicity was present. Due to silicon application maximum shoot fresh weight was observed in treatment 4 (5 mM Si). In treatment T4, there was 47% increase in shoot fresh weight as compared to control. Under arsenic stress condition, treatment T2 (100 µM As) showed higher shoot fresh weight as compared to treatment T3 (200 µM As) because less concentration (100 µM) of arsenic was present in treatment T2. In treatment T2, there was 23% reduction in shoot fresh weight as compared to control. When silicon and arsenic both were applied together in treatment T5 and T6, treatment T5 (5 mM Si + 100 µM As) showed higher shoot fresh weight as compared to treatment T6 (5 mM Si + 200 µM As) because in that treatment arsenic toxicity of (100 µM) was reduced by silicon application. In treatment T5, 30% reduction in shoot fresh weight was observed as compared to control. In treatment T6 (5 mM Si + 200 µM As) arsenic concentration was less reduced by silicon application. In treatment T6, 66% reduction in shoot fresh weight was recorded as compared to control. Minimum shoot fresh weight was recorded in treatment T3 (200 µM As) because in that treatment higher arsenic concentration of (200 µM) was present. In treatment T3, 74% reduction in shoot fresh weight was recorded as compared to control. Silicon is very effective in alleviating heavy metal stresses. Due to silicon application plant growth increases so shoot fresh weight also increases [18] . The results were similar to that of other scientists describe as below. [19] reported that when 3mM silicate was added exogenously to nutrient solution, it results in increase in growth of shoots. They also concluded that additional application of silicon in nutrient solution increases the shoot fresh weight. [20] concluded that increasing concentrations of As at early growth stages of pea plants caused a gradual decrease in shoot fresh weight. Si application was very effective in alleviating the toxic effects of arsenic on plant growth such as shoot fresh weight.
Effect of Si and As Application on Root Fresh Weight (g)
The effect of treatments for root fresh weight was significant and the performance of all the genotype was statistically significant (P < 0.05). The data regarding root fresh weight of rice is shown by the Figure 2 . Graph showed the significant reduction in root fresh weight of rice genotype with increasing arsenic stress as compared to control. Similar trend was shown in case of treatments T4, T5, T6. The maximum root fresh weight was observed in treatment T4 (5 mM Si) in which 5 mM Silicon was added and no arsenic stress was present. In treatment T4, 34% increase in root fresh weight was observed as compared to control. The minimum root fresh weight was recorded from treatment T6 (5 mM Si + 200 µM As) in which both silicon and arsenic were present. In treatment T6, Silicon at a concentration of 5mM had less effective in reducing arsenic toxicity of 200 µM. In Treatment T6, 82% reduction in root fresh weight was recorded as compared to control. Treatment T5 (5mM Si + 100 µM As) showed higher root fresh weight compared with treatment T6 because in that treatment less concentration of arsenic (100 µM) was present so silicon concentration of (5mM) resulted in higher root fresh weight. In Treatment T5, 25% reduction in root fresh weight was recorded as compared to control .In the presence of arsenic toxicity, Treatment T2 (100 µM As) showed higher root fresh weight as compared to Treatment T3 (200 µM As) because in treatment T2 Less arsenic toxicity of (100 µM) was present. In Treatment T2, 33% reduction in root fresh weight was recorded as compared to control. Heavy metal toxicity reduces the plant growth there by reducing root fresh weight. Silicon causes increase in plant biomass. Silicon improves the growth condition of plants. Silicon reduces the heavy metal uptake by plants so root fresh weight of crop plant increases [21] . The results were similar to that of other scientists describe as below. [22] reported that arsenic toxicity reduced the root fresh weight. Application of silicon resulted in higher root fresh weight. [23] reported that high concentration of arsenic reduced the root fresh weight. Addition of silicon to nutrient solution resulted in higher root fresh weight.
Effect of Si and As Application Shoot Dry weight (g)
The effect of treatments for shoot dry weight was significant and the performance of all the genotype was statistically significant (P < 0.05). The data regarding shoot dry weight of rice is shown by the Figure 3 . Graph showed the significant reduction in shoot dry weight of rice genotype with increasing arsenic stress as compared to control. Similar trend was shown in case of treatments T4, T5, T6. The maximum shoot dry weight was observed in treatment T4 (5 mM Si) in which 5mM Silicon was added and no arsenic stress was present. In treatment T4, 56% increase in shoot dry weight was observed as compared to control. The minimum shoot dry weight was recorded from treatment T3 (200 µM As) in which arsenic concentration of 200 µM was present. In Treatment T3, 66% reduction in shoot dry weight was recorded as compared to control In treatment T6 (5 mM Si + 200 µM As), Silicon at a concentration of 5mM had less effective in reducing arsenic toxicity of 200 µM. In Treatment T6, 64% reduction in shoot dry weight was recorded as compared to control. Treatment T5 (5 mM Si + 100 µM As) showed more shoot dry weight compared with treatment T6 because in that treatment less concentration of arsenic (100 µM) was present so silicon concentration of (5 mM) resulted in higher shoot dry weight. In Treatment T5, 13% reduction in shoot dry weight was recorded as compared to control .In the presence of arsenic toxicity, Treatment T2 (100 µM As) showed more shoot dry weight as compared to Treatment T3 (200 µM As) because in treatment T2 Less arsenic toxicity of (100 µM) was present. In Treatment T2, 13% reduction in shoot dry weight was recorded as compared to control. Heavy metal toxicity reduces the plant growth there by reducing shoot dry weight. The results were similar to that of other scientists describe as below. [24] reported that high concentration of arsenic decreased the shoot dry weight. Shoot dry weight was increased by silicon application. [25] reported that when maize seedlings were exposed to different As levels, shoot dry weight was reduced due to arsenic toxicity. Silicon improved the growth of crop thereby increasing shoot dry weight. [26] reported that rice seedlings that were treated with silica gel exhibited high shoot dry weight.
Effect of Si and As Application on Root Dry Weight (g)
The data regarding the effect of Si and As application on root dry weight of plants was analyzed statistically at P ≤ 0.05. The statistical interpretation showed significant effect of treatments on root dry weight of rice genotype. Data regarding the effect of Si and As on root dry weight of plants is mentioned below in the At harvest time, maximum root dry weight was recorded in treatment T4 followed by T1, T2, T5, T6 and T3. Treatment T4 (5 mM Si) showed Maximum root dry weight because in that treatment silicon application was done and no arsenic toxicity was present. Due to silicon application maximum root dry weight was observed in treatment 4 (5 mM Si). In treatment T4, there was 79% increase in root dry weight as compared to control. Under arsenic stress condition, treatment T2 (100 µM As) showed higher root dry weight as compared to treatment T3 (200 µM As) because less concentration (100 µM) of arsenic was present in treatment T2. In treatment T2, there was 28% reduction in root dry weight as compared to control. When silicon and arsenic both were applied together in treatment T5 and T6, treatment T5 (5 mM Si + 100 µM As) showed higher root dry weight as compared to treatment T6 (5 mM Si + 200 µM As) because in that treatment arsenic toxicity of (100 µM) was reduced by silicon application. In treatment T5, 38% reduction in root dry weight was observed as compared to control. In treatment T6 (5 mM Si + 200 µM As) arsenic concentration was less reduced by silicon application. Minimum root dry weight was recorded in treatment T6 (5 mM Si + 200 µM As) because in that treatment higher arsenic concentration of (200 µM) was present. In treatment T6, 72% reduction in root dry weight was recorded as compared to control. In treatment T3 (200 µM As), 50% reduction in root dry weight was recorded as compared to control. The results were similar to that of other scientists describe as below. [27] reported that arsenic toxicity reduced the root dry weight of maize seedlings. Root dry weight was increased after silicon application. [28] reported that reduction in root dry weight of oilseed was noticed when exposed to arsenic stress. Silicon application increased the root dry weight. 
Effect of Si and As Application on Number of Tillers per Plant
The data regarding the effect of Si and As application on number of tillers per plants was analyzed statistically at P ≤ 0.05. The statistical interpretation showed significant effect of treatments on numbers of tillers of rice genotype. Data regarding the effect of Si and As on numbers of tillers of plants is mentioned below in the Figure 5 .
At harvest time, maximum number of tillers per plant were recorded in treatment T4 followed by T1, T5, T2, T6 and T3. Treatment T4 (5 mM Si) showed Maximum number of tillers per plant because in that treatment silicon application was done and no arsenic toxicity was present. Due to silicon application number of tillers was increased in treatment T4. In treatment T4, there was 26% increase in number of tillers as compared to control. Under arsenic stress condition, treatment T2 (100 µM As) showed more number of tillers as compared to treatment T3 (100 µM As) because less concentration (100 µM) of arsenic was present in treatment T2. In treatment T2, there was 33% decrease in number of tillers as compared to control. When silicon and arsenic both were applied together in treatment T5 and T6, treatment T5 (5 mM Si + 100 µM As) showed more number of tillers as compared to treatment T6 (5 mM Si + 200 µM As) because in that treatment arsenic toxicity of (100 µM) was reduced by silicon application. In treatment T5, there was 20% decrease in number of tillers as compared to control. In treatment T6 arsenic concentration of (200 µM) was less reduced by silicon application therefore it showed less number of tillers as compared to treatment T5. In treatment T6, there was 53% decrease in number of tillers as compared to control. Minimum number of tillers were recorded in treatment T3 (200 µM As) because in that treatment higher arsenic concentration of (200 µM) was present. In treatment T3, there was 73% decrease in number of tillers as compared to control. Due to presence of arsenic in excess amount, plant growth decreases due to which the number of tillers of a plant was reduced. Silicon increases growth parameters of crop. Application silicon also increases number of tillers per plant due to which yield of crop is increased [16] . The results were similar to that of other scientists describe as below. [29] reported that addition of silicon considerably increased the number of boll of cotton crop. Silicon application increased number of tiller. Tiller production was reduced arsenic toxicity.
Effect of Si and As Application on Arsenic Concentration in Plant
The data regarding the effect of Si and As application on arsenic concentration of plants was analyzed statistically at P ≤ 0.05. The statistical interpretation showed non-significant effect of treatments on arsenic concentration of rice genotype. Data regarding the effect of Si and As on arsenic concentration of plants is mentioned below in the Figure 6 .
At harvest time, maximum arsenic concentration was recorded in treatment T6 followed by T5, T4, T3, T2 and T1. Treatment T6 (5 mM Si + 200 µM As) showed maximum arsenic concentration because in that treatment silicon application was done and arsenic toxicity was also present. Minimum arsenic concentration was recorded in treatment T1 (control). Arsenic concentration was minimum in control plants. Arsenic concentration in shoot differs from plant, genotype to genotype and even species to species. The results of the present study were in contrast with others as reported by [30] who found As concentrations in rice seedlings differed among 20 genotypes. These differences may be related to the ability of As(V) uptake, but not related to As(III) efflux since root As concentrations of wheat seedlings were positively correlated (not significant) to As(V) uptake, and significantly (P < 0.05) negatively correlated with relative As(III) efflux. Generally, As(V) is taken up via the P transporters in high plants [31] . In plant roots, As(V) is rapidly reduced to As(III) by the arsenate reductase [32] , then a large proportion of the As(III) was extruded to medium [33] .
Conclusions
Parameters like fresh and dry shoot weight, fresh and dry root weight, number of tillers and As concentration in rice plant were studied. Each parameter was evaluated statistically and results were illustrated as below:
• Silicon application increased shoot fresh weight and shoot dry weight;
• Silicon application also effected root fresh weight and root dry weight;
• The number of tillers per plant was also affected under the Si application;
• As concentration in plant was not affected by Si supply. 
